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BACKGROUND OF THE INVENTION 
The present invention generally relates to devices and methods for processing organic waste 
material which may be used in livestock operations such as dairies, feedlots, slaughterhouses, and food 
processing plants. More particularly, the present invention comprises a processing system for digesting 
animal excrement, food wastes and other organic waste material at atmospheric pressure resulting in 
combustible gas products and in materials which may be used for fertilizer or animal nutrients. A first 
embodiment of the disclosed apparatus allows a retention pond to be converted to a digester, thereby 
reducing the required initial capital investment. Among its other uses, a second embodiment of the 
disclosed apparatus may be used as a module in a system, where the system comprises a plurality of 
modules, allowing the operator to take one module out of operation without shutting down the entire 

waste processing system. 

The use of anaerobic digesters for processing organic wastes is well known. There are two 
basic types of anaerobic digester, batch and continuous. In batch type digesters, the digester is loaded 
with organic materials, sealed for the digestion period, and then emptied when gas production stops. 
Once digestion is complete, the digested material, or effluent, may be removed fi-om the digester and 
fresh organic material deposited. In continuous digesters, organic material is constantly fed into the 
digester. The material is pushed through the digester by either mechanical means or by the 
displacement action of new material pushing out effluent. Tnere are three basic typQS of continuous 
digesters: vertical tank systems, horizontal or plug-flow systems and multiple tank systems. 

Depending upon the particular embodiment, the disclosed apparatus comprises a horizontal 
digester which may be used either as a batch digester or as continuous digester. When utilized as a 
continuous digester, the apparatus comprises a hybrid between a plug-flow system and multiple tank 
system, because it may comprise multiple "tanks." In plug flow digesters, raw organic waste, or 
feedstock, is introduced into one end of the digester and effluent is removed from the other end. Over 
the course of time, which may be up to a period of weeks, the waste is anaerobically digested by 



anaerobic bacteria within the feedstock. The organic feedstock is broken down and one group of 
bacteria convert the decomposed matter into organic adds. A second group of bacteria, methanogenic 
bacteria, convert the organic acids into volatile gases such as methane, carbon, monoxide, nitrogen, 
oxygen and hydrogen sulfide. Some of these gases, methane in particular, have value as fuel gas. The 

5 remaining organic material, the effluent, may contain useful components such as ammonia, nitrogen, 
potassium and phosphorous. The effluent is discharged from the digester and further processed as 
necessary for disposal or for further use, such as for fertilizer or livestock feed additive. 

Depending upon the method used, the required retention times for effective digestion can be 
relatively long, requiring a substantial storage capacity as the organic material is processed. For 

10 example, United States Patent No. 4,750,454, by Santinaetal., discloses a digester vessel lOOto 110 

feet in length, 22 feet wide by 12 feet deep, allowing for a retention time of 15 to 20 days. Long 
retention times typically require large volume digester vessels. Such large vessels can present several 
disadvantages to the operator. For example, large vessels require a large initial capital outlay for the 
vessel. A large footprint and foundation are generally required for such vessels. Moreover, large 
1 5 digester vessels make future expansion problematic. A relatively small-sized facility which has future 
expansion plans must either presently invest in a system having initial excess capacity, or purchase a 
smaller system and retrofit as the need arises. Large vessels can also present operational difficulties. If 
a facility utilizes a single large digester vessel, the entire system must be shut down while maintenance is 
perfomied on the vessel. For example, non-organic solids, such as sand and gravel, may collect at the 
2 0 bottom of the vessel, which require that the digester vessel be periodically taken out of service so that 
the accumulated non-organic solids may be removed. 

Many efforts have been made to increase the efficiency of anaerobic digesters and/or increase 
the process flow rates through the vessel to reduce the required retention time and thus reduce the size 
of the digester vessel. It has been recognized that digestion rates are reduced it there is a lack of 
25 bacteria necessary for complete digestion. Therefore, many of the approaches to increasing digester 
efficiency concentrate on maximizing the amount of bacteria within the digester vessel. Because 
anaerobic bacteria thrive at temperatures of about 98 degrees F (mesophilic) and 1 30 degrees F 
(thermophilic), one of the most common ways of optimizing digester efficiency is to maintain the 



temperature in either the mesophiUc or thermophilic range. While maintaining the digester in the 
thermophilic range increases the decomposition rate and thus the biogas production rate from those 
achievable in the mesophilic range, operating the digester in the thermophilic range makes the digester 
more sensitive to changes in feedstock composition and temperature. Digesters operating in the 
5 mesophilic range are less sensitive to operational upsets than those operating in the thermophilic range. 

In addition to controlling digester temperature, other methods of increasing digester efficiency 
areknown. One such method is to recycle large volumes of effluents high in suspended bacterial 
biomass. However, because the increased flow volume increases the total required retention time, this 
method does not necessarily result in smaller digester vessels. Another approach attempts to control 
10 the wavelength of the ambient light in the vessel so as to irradiate the interior of the vessel with light 
having an optimal wavelength for cultivation of the biological biomass. Another approach is to provide 
the digester vessel with microbe support structures which provide large surface areas for the biomass 

material to become attached. 

The different approaches for increasing digester efficiency can require complex digester vessels 
1 5 with elaborate requirements for vessel geometry, internal vessel design, piping, pumping, and heating. 
In addition, taking a digester vessel out of service for maintenance typically requires taking the entire 
processing system offline while repairs are made to the digester vessel and/or to its component parts. 

SUMMARY OF THE INVENTION 
20 The present invention is directed to an apparatus and method for processing organic materials 

which meets the needs identified above. 

A first embodiment of the apparatus comprises a first covered fluid contaimnent means, such as 
a retention pond covered with an oxygen impervious membrane, the first covered fluid contaimnent 
means comprising a first upper section and a first lower section. In a batch type process, an aqueous 
2 5 slurry comprising anaerobically digestible fiber is disposed within the first covered contaimnent means. 
Alternatively, the first covered fluid contaimnent means may have a sluny inlet for receiving slurry for a 
continuous operation. A second covered fluid contaimnent means, such as a cylindrical vessel, is 
disposed witiiin or adjacent to the first covered contaimnent means. The second covered fluid 



containment means comprises a second upper section and a second lower section. The second upper 
section comprises a first fluid inlet for receiving fluid flow fi-om the first upper section of the first covered 
fluid contaimnent means, where a screen is disposed at the interface of the first covered contaimnent 
means and the second covered containment means, the screen adapted for formation of a filter cake 
thereon upon fluid flow from the first covered containment means through the first fluid inlet into the 
second covered contaimnent means. For example, in the case of a covered retention pond, a cylindrical 
vessel might be placed within the pond, where the cylindrical vessel has an upper section with an 
opening, where a screen is disposed within or across the opening. The screen is sized such that a filter 
cake forms on the screen as fluid flows from the first covered fluid contaimnent through the first fluid 
inlet into the second covered contaimnent means. The filter cake comprises cellulose fiber components 
from the slurry, which plate out against flie screen, while the liquid and gas components of the slurry 

flow into the second covered containment means. 

The second covered contaimnent means is divided into two vertical sections, an upper section 

and a lower section. The upper section of the second covered contaimnent means comprises a first gas 

outiet, allowing free gas separated from the slmry to exit the second covered contaimnent means. The 

lower section of the second covered contaimnent means has a first liquid outlet, allowing liquid 

separated from the slurry to exit the second covered containment means. 

The gas flowing from the first gas outlet flows into gas processing means which receive the gas 

and process the gas, such as drying the gas and/or removing undesirable constituents, such as hydrogen 
) sulfide. The liquid flowing from flie first liquid outlet flows into liquid processing means which may allow 

for further removal of gas and/or solids, and forward the remaining liquid for fiirther treatment, use, or 

disposal. 

The fluid contaimnent means may comprise a first covered vessel. The first covered vessel 
comprises a first end, a second end, a first upper section and a first lower section. The aqueous slurry 
5 may be infroduced into the first covered vessel on a batch basis, or the first covered vessel may have a 
first inlet located at the first end for receiving the aqueous slurry for a continuous operation. A second 
covered vessel which fiinctions as the second covered contaimnent means is disposed within or 
adjacent to the first covered vessel. 



Also disclosed herein are methods of using the disclosed apparatus. 

These and other features, aspects, and advantages of the present invention will become better 
understood with regard to the following description, appended claims, and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Figure 1 is side view of an embodiment of the disclosed digester. 

Figure 2 is schematic of the second containment means disposed within the first containment 

means. 

Figure 3 shows covered containment ponds connected in series to comprise a digester system. 
Figure 4 shows a flow diagram through the fluid containment means. 
1 0 Figure 5 shows a flow schematic through the fluid containment means. 

Figure 6A is a perspective view of an embodiment of the disclosed digester having separation 
vessels on the inside of the digestion vessel. 

Figure 6B is a perspective view of an embodiment of the disclosed digester, having separation 

vessels on the outside of the digestion vessel. 
15 Figure 7A is a side view of flie embodiment of the digester shown in Fig. 6A. 

Figure 73 is a side view of the embodiment of the digester shown in Fig. 6B. 

Figure 8A is a top view of the embodiment of flie digester shown in Fig.6A. 

Figure 8B is a top view of the embodiment of the digester shown in Fig.6B. 

Figure 9 schematically shows a side view of flie first vessel of an embodiment of the disclosed 
20 digester. 

Figure 10 schematically shows a top view of flie interface between the first vessel and flie 
second vessel. 

Figure 1 1 shows a cross-section along line 11-11 fi-om Figure 10. 

Figure 12 schematically Ulustrates a plurality of digester modules connected in parallel and in 

25 series. 



DETAILED DESCRIPTION OF THE EMBODIMENTS 
Referring now specifically to the drawings. Figure 1 shows a first embodiment 10 of the 
disclosed apparatus. This embodiment comprises a first covered fluid containment means 12 
(hereinafter referred to as the "first container"), such as one or more retention ponds, lagoons, or tanks 
commonly used in waste treatment facilities, food processing plants, dairies and other livestock 
operations, including facilities for horses, cattle, swine and poultry. As shown in Figure 1 , the first 
container 12 may comprise a generally rectangular structure having opposing side walls 14 and bottom 
16. The first container fiirther comprises a first upper section 18 and a first lower section 20. 

If a tank or vessel is used for the first container 12, it may be buried if desired. If a tank or 
vessel is used for first container 12, hot water lines (not shown) may be placed in or along the walls of 
the vessel to maintain the temperature in the desired range, i.e., either mesophiUc or thermophilic. The 
first container 12 is covered with a cover 22, such as an oxygen impervious membrane. An aqueous 
slurry comprising anaerobically digestible fiber is disposed within the first container 12, with the 
membrane 22 sealing over the first container. If necessary, venting means (not shown) may be required 
to allow the escape of oxygen from the first container 12 so that the anaerobic digestion process might 
proceed. In a continuous flow type process, the aqueous slurry may be introduced into the first 
container 12 through first slurry inlet 24 on a continuous basis. After the aqueous slurry is introduced 
into the first container 12, the slurry undergoes density separation, with the lighter density fibrous 
material, i.e., the digestible material, floating to flie first upper section 1 8. The heavier liquids and 
inorganic solids, such as sand or gravel, accumulate at the first lower section 20 of the first container 

12. This separation results in the first upper section 18 naving a reiauveiy lUgiici ^o..«. 

first lower section 20 having a relatively lower solids content. The disclosed apparatus is capable of 
processing aqueous slurries having solids (fiber) content ranging from 1-15 percent. Because ruminant 
animal manures typically have solids concentration of 1 1 percent to 13 percent, die disclosed apparatiis 
is effective for processing cattle manure as well as other organic feedstock. 

As shown in Figures 1 and 2, at least one second covered fluid containment means 26 
(hereinafter referred to as the "second container") is disposed within the first container 1 2 or, 
alternatively, disposed adjacent to the first container 12. The second container 26 may be cylindrical in 



shape. However, it is to be appreciated that the second container 26 may be other shapes, having a 
rectangular, oval or elliptical cross-section, so long as the height of the second container is 
approximately the same as the maximum fluid level anticipated within the first container 12, as shown in 
Figure 1 . The second container 26 may also fimction as support means for membrane 22. The second 
container 26 may be fabricated from metal, plastic, concrete or composite materials. 

As shown in Figure 2, the second container 26 has an upper section (the second upper section) 
28, a lower section (the second lower section) 30, and a covered top 32. The second upper section 
28 of the second container 26 comprises a first fluid inlet 38 for receiving fluid flow from the first upper 
section 18 of the first container 12. The first fluid inlet 38 is a conduit for fransmitting fluid, comprising 
gas and liquid, from the aqueous slurry disposed within the first container 12 into the second container 
26. The first fluid inlet 38 may comprise a plurality of openings or holes in second upper section 28, or 
it may comprise one or more pipes into the second upper section 28 First fluid inlet 38 comprises a 
screen 40 which is disposed between the first container 12 and the second container 26, that is, at the 
interface of the first container and the second container. As shown in Figure 2, the screen 40 may be 
attached over first fluid inlet 38. For example, if first fluid inlet 38 comprises a plurality of openings 
through the wall of the second container, screen 40 may be placed over the openings. Alternatively, if 
one or more conduits, such as pipes, are used for first fluid inlet 38, the screen 40 may be placed wifliin 

or across each first fluid inlet. 

It is desirable that screen 40 have a large surface area to allow for large flow across the screen, 
allowing the accumulation of a large volume of fiber solids against the screen. The openings in screen 
40 should be small enough to prevent flow of the large pieces of solid fiber material into the second 
container 26. As fluid flows through screen 40, a filter cake 42 comprising the fiber materials is 
formed upon the screen. This filter cake 42 acts as a filter, such that the filter cake and screen 40 
primarily allow only liquids and gas (as it is generated by digestion of the organic fiber) to enter into 
second container 26, retaining fibrous materials in the first container 12. 

A first gas outlet 34 may be located in either the second upper section 28 or within the covered 
top 32. A first liquid ouflet 36 is comiected to the second lower section 30. The first liquid ouflet 36 is 
configured so that it creates a loop seal 37, which serves to maintain a fixed liquid level in the second 



8 

container 26, and prevents oxygen from getting into the system. Liquid is discharged from the second 
container 26 through the first liquid outlet 36 into liquid processing means, which may include a third 
covered contaimnent means (the "third container") 39 where fiirther separation of gas phase from liquid 
phase may occur. It should be appreciated that while Figure 1 appears to show the third container 39 
at a lower elevation than the second container 26, the third container would normally be at 
approximately the same elevation as the second container. 

The third container 39 is divided into has an upper section (the third upper section) 44, a lower 
section (the "third lower section") 46, and a covered top 48. A gas outlet (the "second gas outlet") 50 
may be located in either the third upper section 44 or within the covered top 48 of the third container 
39. A liquid outlet (the "second liquid outlet") 52 is connected to the lower section 46. Gas from the 
third container 39 may be routed to gas processing means 54, such as a gas scrubber and/or gas 
sweetner. The nitrogen-rich liquid from the third container 39 may be routed for disposal or gathered 
for use as a cattle feed supplement or fertilizer. 

Circulating means, such as a pump 56, provides circulation of the aqueous slurry through the 
first covered container 12. Alternatively, as shown in Figure 3, circulation through the first container 
may be achieved by comiecting a plurality of first containers 12 in series, with each subsequent first 
container at a lower elevation to allow for gravity flow of the aqueous slurry. The aqueous slurry from 
each first container 12 is discharged through slurry outlet 24', which may also be the first slurry inlet for 
the next first container 12 in the series. 

It is to be appreciated that a plurality of second containers 26 may be disposed within or 
adjacent to a single first container 12, allowing for progressive filtration of the aqueous slurry, such that 
the liquid content of the slurry decreases as the slurry moves from the inlet end of the first container, that 
is the end at which first slurry inlet 24 is located, to the opposing end where the slurry outlet 24' is 
located. 

This first embodiment may have particular utility in converting existing retention ponds into 
digesters through relatively simple modifications. A cover 22, such as an oxygen impervious 
membrane, must be fabricated for the pond, which acts as the first container 12. Secondary containers 
26, as described above, are disposed either within or adjacent to the pond. Circulating means, such as 



a pump 56, are hydraulically connected to the pond to cause the aqueous slurry to flow within the 
pond, creating a hydraulic gradient between the pond and the secondary container 26. Gas 
discharged from the secondary container 26 is routed to gas processing means 54 through a gas outlet 
34 and liquids from the secondary container are routed to liquid processing means. 

A second embodiment 100 of the disclosed apparatus is shown in Figures 4-12. However, it is 
to be appreciated that the flow diagrams shown in Figures 4 and 5 are generally applicable to the first 
embodiment 10 regarding the relative positions of the containment means and the directions of flow. 

The second embodiment 100 comprises a first covered vessel 1 12 (hereinafter referred to as 
the "first vessel"). As shown in Figures 6A and 6B, the first vessel 1 12 may comprise a generally 
rectangular sfructure having a first end 113, opposing side walls 114 and bottom 1 16. The first vessel 
1 12 fiirther comprises a first upper section 118 and a first lower section 120. First vessel 1 12 may be 
fabricated from steel, plastic, concrete or other material having the sfrength measures and corrosion 
resistance required for digester service as known by those skilled in the art. Hot water lines (not 
shown) may be placed in or along the walls 1 14 of first vessel 1 12 to maintain the temperature in the 
, desired range, i.e., either mesophilic or thermophilic. The slurry entering the first vessel 112 may have a 
solids content ranging from one to fifteen percent. Because ruminant animal manures typically have 
solids concentration of 1 1 percent to 13 percent, the disclosed apparatiis is effective for processing 
cattle manure as well as other organic feedstock. The first vessel 1 12 may also be referred to as the 
"digestion vessel," because much of tiie digestion will take place in this vessel. 
D The first vessel 1 12 is sealed at its top by cover 122. An aqueous slurry comprising 

anaerobically digestible fiber is disposed within the first vessel 1 12, with the cover 122 sealing the top 
of the first vessel. If necessary, venting means (not shown) may be required to allow the escape of 
oxygen from the first vessel 1 12 so that tiie anaerobic digestion process might proceed. In a continuous 
flow type process, the aqueous slurry may be introduced into the first vessel 1 12 on a continuous basis 
5 throughfirstslurryinletl24,whichmaybelocatedatfirstendll3. After the aqueous slurry is 
introduced into the first vessel 1 12, the slurry undergoes density separation, with the Ughter density 
fibrous material, i.e., the digestible material, floating to the top of the heavier hquids and inorganic 
solids, such as sand or gravel, accumulating at the bottom of tiie first container. This separation results 



10 

in the first upper section 118 having a high solids content and the first lower section 120 having a lower 
solids content. The disclosed apparatus is capable of processing aqueous slurries having solids (fiber) 
content ranging from l-lSpercent. Because ruminant animal manures typically have solids 
concentration of 1 1 percent to 1 3 percent, the disclosed apparatus is effective for processing cattle 
5 manure as well as other organic feedstock. 

The second embodiment 100 may have a surge tank 1 15 which receives an aqueous organic 
slurry from slurry source 117. Although Figures 6A and 6B depict the surge tank 1 15 attached at first 
end 1 13 as an integral part of the first vessel 1 12, it is to be appreciated that the surge tank 1 15 may be 
a separate vessel or other slurry storage means. Because digestion does not take place in the surge 
10 tank 1 1 5, it is not necessary that this vessel be covered and sealed from oxygen. 

As shown in Figures 6A, 7A, and 8A, at least one second covered vessel 126 (hereinafter 
referred to as the "second vessel") is disposed within the first vessel 1 12. Alternatively, as shown in 
Figures 6B, 7B, and 8B, the second vessel may be disposed adjacent to the first vessel 1 12. The 
second vessel 126 may be rectangular in shape as shown in Figures 6A and 6B. However, it is to be 
1 5 appreciated that the second container 126 may be other shapes, having a cylindrical, oval or elliptical 
cross-section, so long as the height of the second vessel is approximately the same as the maximum 
fluid level anticipated within the first vessel 1 1 2, as shown in Figures 4 and 1 1 . The second container 
126 may be fabricated from metal, plastic, concrete or composite materials. 

As shown in Figures 4 and 1 1, tiie second vessel 126 has an upper section (the second upper 
20 section) 128, a lower section (the second lower section) 130, and a covered top 132. The second 

upper section 128 of the second vessel 126 compnses a tirst flum miei 1^8 lui le^civxug .xu.^ 

the first upper section 118 of the first vessel 112. The first fluid inlet 138 is a conduit for transmitting 
fluid, comprising gas and liquid, from the aqueous slurry disposed within the first vessel 112 into the 
second vessel 126. The first fluid inlet 138 may comprise a plurality of openings or holes in upper 
2 5 section 128, or it may comprise one or more pipes or conduits into the second upper section 128 of the 
second vessel 126. First fluid inlet 138 comprises a screen 140 which is disposed between the first 
vessel 1 12 and tiie second vessel 126, that is, at the interface of the first vessel and the second vessel. 
The screen 140 may be attached over first fluid inlet 138. For example, if first fluid inlet 138 comprises 



11 



a plurality of openings through the wall of the second vessel 126, screen 140 may be placed over the 
openings. Alternatively, if one or more conduits, such as pipes, are used for first fluid inlet 138, the 
screen 140 may be placed within or across the first fluid inlet. 

It is desirable that screen 140 have a large surface area to allow for large flow across the 
5 screen, allowing the accumulation of a large volume of biomass against the screen. Hie openings in 
screen 140 should be small enough to prevent flow of the large pieces of sohd fiber material into the 
second vessel 126. As fluid flows through screen 140, a filter cake 142 comprising the fiber materials 
is formed upon the screen. This filter cake 142 acts as a fimher filter, such that the filter cake and 
screen 140 primarily allow only Hquids and gas (as it is generated by digestion of the organic fiber) to 
10 enter into second vessel 126, retaining fibrous materials in the first vessel 112. 

A first gas outlet 134 may be located in either the second upper section 128 or within the 
covered top 132 of second vessel 126. A first liquid outlet 136 is comiected to the lower section 130. 
As shown in Figure 1 1, the first liquid outlet 136 may be configured so that it creates a loop seal 137, 
which serves to maintain a fixed liquid level in the second vessel 126, and prevents oxygen fi-om getting 
15 into the system. Liquid is discharged from the second vessel 126 through the first liquid outlet 136 into 
liquid processing means, including a third covered vessel (hereinafter the "third vessel") 1 39 where 
fiirther separation of the gas phase from the liquid phase may occur. The second vessel 126 may also 
be referred to as the "separation vessel" because the liquid and gas in this vessel are routed to different 

processing or storage means. 

20 The third vessel 139 is divided into has an upper section (tiie third upper section) 144, a lower 

section (the third lower section) 146, and a covered top 148. A gas outiet (tiie "second gas outiet") 
1 50 may be located in either die upper section 144 or within the covered top 148 of the third vessel 
139. A liquid outiet (tiie "second liquid outiet") 152 is comiected to the third lower section 146. Gas 
from the tiiird vessel 139 may be routed to gas processing means 154, such as a gas scrubber and/or 

2 5 gas sweetiier, which may be required because of hydrogen sulfide in ti.e gas. The nitirogen-rich liquid 
from tiie third vessel 139 may be routed for disposal or gatiiered for use as a cattle feed supplement or 
fertilizer. 

Circulating means, such as pump 156, provide circulation of die aqueous slurry through the first 
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covered vessel 1 12. Alternatively, circulation through the first vessel 1 12 may be achieved by creating 
a gravity gradient. The gravity gradient may be created by elevating the first end 1 13 of the vessel with 
respect to the rest of the first vessel or by having a series of first vessels 1 12, with each successive 
vessel at a lower elevation, and aqueous slurry exiting through first slurry outiet 124', which may also 
5 act as the first slurry inlet 124 for the next first vessel 1 12 in the series. The level of the first vessel 112 
may be adjusted through adjustable weir 158, which allows fluid within the first container to flow into 
second vessel 126. 

It is to be appreciated that a plurality of second containers 126 may be disposed within or 
adjacent to a single first container 1 12, allowing for progressive filtration of the aqueous slurry. 
1 0 Figure 12 shows how a digester system may comprise a plurality of the second embodiment 

100 of the apparatus, each of this embodiment comprising a digester module. The digester modules 
may be connected in parallel and/or in series. In such case, each module substantially comprises the 
same components as discussed above for the second embodiment. The gas and liquids fi-om the 
second vessel 126 of each module may be routed to common gas processing means and liquid 
1 5 processing means through the use of common piping and manifolds as know in the art. The aqueous 
slurry ftom a first module in the system may exit the first module through a first slurry outlet 124', which 
may transfer the aqueous slurry into the succeeding module in the series. It is to be appreciated that 
connecting the digester modules in parallel has the effect of having a wider digester vessel and 
connecting the digester modules in series has the effect of having a longer digester vessel. A digester 
2 0 system comprising a single digester module may therefore be expanded by adding additional modules in 
parallel or in series, essentially enlarging the effective width and/or effective lengih of the digester. 

A digester system comprising a plurality of digester modules has several advantages. For 
example, the disclosed system allows the operator to perform maintenance on a single module without 
shutting in the entire digester system. It allows the system to grow as required by the needs of the 
2 5 facility. A facility might start off with a small number of modules and increase tiie capacity of the facility 
as the need arises, as opposed to initially over-designing the capacity of the facility. 

While the above is a description of various embodiments of the present invention, fiirther 
modifications may be employed without departing firom the spirit and scope of the present invention. 
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For example, the size, shape, position and/or material of the various components may be changed as 
desired. Tlius the scope of the invention should not be limited by the specific structures disclosed. 
Instead the true scope of the invention should be determined by the following clauns. 



